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METHOD OF ALIGNING INKJET NOZZLE BANKS 
FOR AN INKJET PRINTER 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the ?eld of 
printing such as for example inkjet printing and more 
particularly, in the ?eld of inkjet printing, to a method of 
aligning inkjet noZZle banks or modules Within an inkjet 
printer. As broadly used herein alignment of a noZZle bank 
can be controlled by the adjustment of orientation and/or 
position of the noZZle bank as Well as through selective 
control of actuation of respective noZZles of the noZZle bank 
to control proper dot placement. 

BACKGROUND OF THE INVENTION 

[0002] Inkjet printing is a non-impact method for produc 
ing images by the deposition of ink droplets in a pixel-by 
pixel manner into an image-recording element in response to 
digital signals. There are various methods Which may be 
utiliZed to control the deposition of ink droplets on the 
receiver member to yield the desired image. In one process, 
knoWn as drop-on-demand inkjet printing, individual drop 
lets are ejected as needed on to the recording medium to 
form the desired image. Common methods of controlling the 
ejection of ink droplets in drop-on-demand printing include 
pieZoelectric transducers and thermal bubble formation 
using heated actuators. With regard to heated actuators, a 
heater placed at a convenient location Within the nozzle or 
at the noZZle opening heats ink in selected noZZles and 
causes a drop to be ejected to the recording medium in those 
noZZle selected in accordance With image data. With respect 
to pieZo electric actuators, pieZoelectric material is used in 
conjunction With each noZZle and this material possesses the 
property such that an electrical ?eld When applied thereto 
induces mechanical stresses therein causing a drop to be 
selectively ejected from the noZZle selected for actuation. 
The image data provided as signals to the printhead deter 
mines Which of the noZZles are to be selected for ejection of 
a respective drop from each noZZle at a particular pixel 
location on a receiver sheet. Some drop-on-demand inkjet 
printers described in the patent literature use both pieZo 
electric actuators and heated actuators. 

[0003] In another process knoWn as continuous inkjet 
printing, a continuous stream of droplets is discharged from 
each noZZle and de?ected in an imageWise controlled man 
ner onto respective pixel locations on the surface of the 
recording member, While some droplets are selectively 
caught and prevented from reaching the recording member. 
Inkjet printers have found broad applications across markets 
ranging from the desktop document and pictorial imaging to 
short run printing and industrial labeling. 

[0004] A typical inkjet printer reproduces an image by 
ejecting small drops of ink from the printhead containing an 
array of spaced apart noZZles, and the ink drops land on a 
receiver medium (typically paper, coated paper, etc.) at 
selected pixel locations to form round ink dots. Normally, 
the drops are deposited With their respective dot centers on 
a rectilinear grid, i.e., a raster, With equal spacing in the 
horiZontal and vertical directions. The inkjet printers may 
have the capability to either produce only dots of the same 
siZe or of variable siZe. Ink-jet printers With the latter 
capability are referred to as (multitone) or gray scale ink-jet 
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printers because they can produce multiple density tones at 
each selected pixel location on the page. 

[0005] Inkjet printers may also be distinguished as being 
either pageWidth printers or sWath printers. Examples of 
pageWidth printers are described in US. Pat. Nos. 6,364,451 
B1 and 6,454,378 B1. As noted in these patents, the term 
“pageWidth printhead” refers to a printhead having a print 
ing Zone that prints one line at a time on a page, the line 
being parallel either to a longer edge or a shorter edge of the 
page. The line is printed as a Whole as the page moves past 
the printhead and the printhead is stationary, i.e. it does not 
raster or traverse the page. These printheads are character 
iZed by having a very large number of noZZles. The refer 
enced US. patents disclose that should any of the noZZles of 
one printhead be defective the printer may include a second 
printhead that is provided so that selected noZZles of the 
second printhead substitute for defective noZZles of the 
primary printhead. 

[0006] Today the fabrication of pageWidth inkjet print 
heads is relatively complex and they have not gained a broad 
folloWing. In addition there are problems associated With 
high-resolution printing in that simultaneous placement of 
ink drops adjacent to each other can create coalescence of 
the drops resulting in an image of relatively poor quality. 

[0007] SWath printers on the other hand are quite popular 
and relatively inexpensive as they involve signi?cantly 
feWer numbers of noZZles on the printhead. In addition in 
using sWath printing and multiple passes to print an area 
during each pass, dot placement may be made selectively so 
that adjacent drops are not deposited simultaneously or 
substantially simultaneously on the receiver member. There 
are many techniques present in the prior art that described 
methods of increasing the time delay betWeen printing 
adjacent dots using methods referred to as “interlacing”, 
“print masking”, or “multipass printing.” There are also 
techniques present in the prior art for reducing one-dimen 
sional periodic artifacts or “bandings.” This is achieved by 
advancing in a sloW-scan direction the paper or other 
receiver medium by an increment less than the printhead 
Width, so that successive passes or sWaths of the printhead 
overlap. The techniques of print masking and sWath over 
lapping are typically combined. The term “print masking” 
generally means printing subsets of the image pixels in 
multiple passes of the printhead relative to a receiver 
medium. In sWath printing a printhead, having a plurality of 
noZZles arranged in a roW, is traversed in a fast-scan direc 
tion across a page to be printed. The traversal is such as to 
be perpendicular to the direction of arrangement of the roW 
of noZZles. 

[0008] With reference to commonly assigned US. Pat. 
No. 6,464,330 B1, ?led in the names of Miller et al., an 
example of a printhead used in a sWath printer is illustrated. 
The disclosure in this patent is incorporated herein by 
reference thereto. With reference to the accompanying FIG. 
1, printhead 31 for each color of ink to be printed includes 
in this embodiment tWo printhead segments or modules or 
noZZle banks 39A and 39B. Each printhead noZZle bank 
includes tWo staggered roWs of noZZles and the noZZles in 
each roW of noZZles have a spacing of 1/150 inches betWeen 
adjacent noZZles in the roW. HoWever, due to the presence of 
staggering there is a nominal noZZle pitch spacing, P, in each 
printhead noZZle bank of 1/300 inches as indicated in the 
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?gure. The nozzles on the second nozzle bank 39B are 
similar to that on the ?rst nozzle bank 39A and the nozzle 
banks are arranged to continue the nozzle spacing for the 
printhead of 1/300 inches spacing betWeen nozzles. The 
printhead nozzle banks may each also be referred to as a 
“nozzle module” because they are individually assembled 
into a supporting structure to form the printhead for printing 
a particular color. Each nozzle bank may also be referred to 
as a pen, segment or a module. Hereinafter, they Will be 
referred to as a nozzle bank. It Will be understood that for a 
printer having siX different color inks, siX printheads similar 
to that described for printhead 31 may be provided. The siX 
different color printheads are arranged on a carriage that is 
traversed across the receiver sheet for a print pass. The 
nozzles in each of the siX color printheads, are actuated to 
print With ink in their respective colors in accordance With 
image instructions received from a controller or image 
processor. Each printhead, Would in the example of the 
subject printer, have tWo printhead nozzle banks. 

[0009] To create pleasing printed images, the dots printed 
by one nozzle bank must be aligned such that dots printed by 
one of the nozzle banks are closely registered relative to the 
dots printed by the other nozzle banks jetting the same color 
ink. If they are not Well registered, then the maximum 
density attainable by the printer Will be compromised and 
banding artifacts Will appear. Consider, for eXample a print 
made by a single color using a nozzle con?guration as 
shoWn greatly magni?ed in FIG. 1, With tWo nozzle banks 
per color. As may be seen in FIG. 1, the tWo nozzle banks 
used to print each color are offset one from the other a 
predetermined knoWn small distance “d” in the fast-scan 
direction. Such is a condition When proper registration is 
present and the printer adjusts the actuation or ?ring times 
of the nozzles in one nozzle tank to account for this small 
distance. If the nozzle banks are registered very Well, it 
Would be possible to print an image that appears as FIG. 2, 
With all of the paper covered by at least a single layer of ink. 
In this eXample, the image is hypothetically printed at 300 
dpi using tWo banding passes per sWath such that for printing 
a sWath of piXels half of the dots are printed by the ?rst 
nozzle bank and half of the dots are printed by the second 
nozzle bank. By contrast, if the tWo nozzle banks shoWn in 
FIG. 1 have a slight (~35 micron) misregistration in the 
fast-scan direction, the dots do not properly align and some 
White space is generated as shoWn in FIG. 3. LikeWise, if the 
misregistration is in the sloW-scan direction, a similar situ 
ation occurs as shoWn in FIG. 4. Even more troublesome is 
a slight, relative skeW betWeen the tWo nozzle banks as 
shoWn in FIG. 5. In this case, at one end of the sWath, good 
registration of the tWo nozzle banks is attained. At the other 
end of the sWath, hoWever, poor registration is incurred and 
banding is observed With a period equal to the height of the 
sWath. Even very slight misalignments can result in objec 
tionable image artifacts. 

[0010] Large physical separations betWeen tWo nozzle 
banks can make proper alignment even more dif?cult. Con 
sider the nozzle bank arrangement as described in US. Pat. 
No. 4,593,295 by Matsufuji et al. To alleviate hue differ 
ences that may result from bi-directional printing, ’295 
teaches a particular arrangement of nozzle banks such that 
the ink order is symmetric With respect to an aXis that is 
parallel to the sloW-scan direction. To maintain this sym 
metry, one color of ink must be jetted by the leftmost nozzle 
bank(s) as Well as by the rightmost nozzle bank(s) as shoWn 

Apr. 21, 2005 

in FIG. 4 of ’295. In a typical inkjet printer, the distance 
betWeen these nozzle banks may be 15 centimeters or more. 
Requiring precise alignment of tWo sets of nozzle banks 
being separated by such a distance is very challenging using 
typical techniques. 
[0011] These are just some of the Ways that the image 
quality produced by an inkj et printer can be compromised by 
poor registration of the various nozzle banks. Additionally, 
poor registration betWeen the color planes can result in 
blurry or noisy images and overall loss of detail. These 
problems make good registration and alignment of all the 
nozzle banks Within an inkjet printer critical to ensure good 
image quality. That is, not only should a nozzle bank be Well 
registered With another that jets the same color ink, but it 
should also be Well registered With nozzle banks that jet ink 
of another color. 

[0012] In addition to good image quality, faster print rates 
are desired by customers of inkjet printers. For sWath 
printers, a Well-knoWn means by Which to accomplish high 
productivities is by increasing the number of nozzles. One 
Way in Which nozzle count may be increased is by simply 
adding eXtra nozzle banks. This has the advantage that the 
same print head design may be used. HoWever, this adds to 
the number of nozzle banks that must be aligned, thereby 
increasing the possibility for misalignment and the labor 
required to properly align all the nozzle banks. 
[0013] An alternative to gain higher productivity is to 
increase the nozzle count Within a nozzle bank. This does not 
increase the count of nozzle banks, but usually results in 
longer nozzle banks as increasing the nozzle density of a 
nozzle bank typically requires a completely neW print head 
design and/or a neW manufacturing process. Longer nozzle 
banks also increase the dif?culty of alignment of the nozzle 
banks as the sensitivity to angular displacements increases 
proportionately. For instance, the misregistration repre 
sented in FIG. 5 can result from a relative angular displace 
ment of just 0.08 degrees if the tWo nozzle banks depicted 
in FIG. 1 are each one inch in length. 

[0014] In high-end inkjet printers, such as one that might 
be used in a Wide-format application, there are other con 
siderations that must be made to ensure proper alignment of 
the nozzle banks. For instance, bi-directional printing in the 
fast-scan direction to increase productivity requires that the 
nozzle banks be properly aligned Whether traveling in the 
right-to-left direction or the left-to-right direction. 

[0015] Some high-end printers accept a variety of ink 
receiving materials that may differ signi?cantly in thickness. 
As a result, the printer may have several alloWable discrete 
gaps betWeen the nozzle banks and the printer platen to 
accommodate these different receivers. Invariably, the gap 
betWeen the nozzle banks and the top of the receiver can 
vary signi?cantly because of the range of receiver thick 
nesses and the limited number of discrete nozzle bank 
heights. Due to the carriage velocity, the ?ight path of the 
drop is not straight doWn but really is the vector sum of the 
drop velocity and carriage velocity. This angular path and 
the differences in nozzle bank heights make nozzle bank 
registration sensitive to both the average of the nozzle bank 
heights as Well as the variation in nozzle bank heights. These 
sensitivities further complicate the nozzle bank alignment 
process. 

[0016] Additionally, some high-end printers alloW the 
customer to select different carriage velocities, higher car 
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riage velocities resulting in increased productivity usually at 
a price in image quality. The term “carriage velocities” 
implies the supporting of the printheads upon a carriage 
support that moves in the fast-scan direction While being 
supported for movement by a rail or other support. The 
angular ?ight path of the droplets described Will be a 
function of the carriage velocity. This then makes noZZle 
bank alignment sensitive to yet another variable, namely 
carriage velocity. 
[0017] Yet another complicating factor is the use of mul 
tiple drop siZes of Which many neW print head designs are 
capable. As discussed above, the alignment of the printer is 
a function of the combination of the carriage velocity and 
droplet velocity. Due to differences in drag as the droplet 
?ies through the air, different siZe droplets have different 
droplet velocities. Therefore, to provide good alignment, it 
may be desired to use different alignment settings for 
different drop siZes. 

[0018] Current alignment techniques fall Within tWo vari 
eties. Visual techniques use patterns printed by the printer 
that permit a user to simultaneously vieW various alignment 
settings and chose the best setting (see, for example, US. 
Pat. No. 6,109,722 and US. Pat. No. 6,450,607). Visual 
techniques are disadvantaged in many Ways. First, for a 
printer With many noZZle banks (24 separate noZZle banks is 
not uncommon), multiple print head heights, and multiple 
carriage velocities, the number of alignments can become 
overbearing as each variation adds multiplicatively to the 
rest. Secondly, only a moderate level of accuracy is attain 
able With most of these techniques and ?nely tuned printers 
require a higher degree of accuracy attainable by most of 
these techniques. The level of accuracy is further compro 
mised betWeen all color records by using a single color as 
the only reference. U.S. Pat. No. 6,450,607B1, for example, 
attempts to reduce this sensitivity by using the black noZZle 
bank as a reference for black and White images and a color 
noZZle bank When printing color images. For instance, a 
4-color printer containing cyan, magenta, yelloW and black 
may use cyan as the reference When printing color images. 
An accuracy of approximately 1/600th of an inch is quoted 
using the visual techniques described Within U.S. Pat. No. 
6,450,607B1 meaning that yelloW and magenta may still be 
misregistered by tWo times l/sooth inch or l/aooth inch, despite 
practice of the invention disclosed by ’607. Thirdly, inter 
actions can occur betWeen the various alignment parameters, 
Which further degrade the ultimate quality of alignment that 
can be obtained through these visual techniques, or multiple 
iterations are required, thereby increasing the labor of the 
effort. Lastly, since several of these techniques usually 
operate by providing several alignment settings to the opera 
tor Who then chooses the best choice, signi?cant amounts of 
consumables (ink and media) may be required to obtain 
satisfactory alignment of all noZZle banks in all print modes. 

[0019] The second Way noZZle banks are typically aligned 
(e.g., US. Pat. No. 5,250,956, US. Pat. No. 6,478,401B1, 
and US. Pat. No. 5,451,990) is With an on-carriage optical 
sensor that interprets patterns printed by the noZZle banks to 
automatically make adjustments to the noZZle bank align 
ment. While much improved over the more common visual 
techniques, these methods, too, have several shortcomings. 
Firstly, they require additional hardWare costs for each 
printer as a separate optical sensor and accompanying elec 
tronics are required. Secondly, the optical sensors are typi 
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cally of the LED variety With economical optics and cannot 
provide the high degree of accuracy required of ?nely tuned, 
high-end printers. Thirdly, these sensors require signi?cant 
averaging to create a reliable signal, making the amount of 
receiver required to perform the alignment larger than one 
Would desire. Furthermore, this high degree averaging 
necessitates a separate measurement for each noZZle bank, 
requiring even more ink and receiver as the number of 
noZZle banks increases. Fourthly, these on-carriage optical 
sensors are typically arranged to provide data primarily in 
the fast-scan direction. For demanding applications, sloW 
scan adjustments are equally important. Some techniques 
provide means by Which sloW-scan misalignments may be 
determined, but these measurements require separate, addi 
tional patterns, further consuming additional ink and 
receiver. The patterns in US. Pat. No. 6,478,401B1, for 
example, require slanted blocks. The accuracy of the sloW 
scan measurement improves as the angle is made shalloWer, 
requiring additional receiver as greater accuracy is required. 
Furthermore, this fast-scan limitation makes determination 
of noZZle bank skeW very dif?cult or impossible (US. Pat. 
No. 5,250,956, for example, requires 8 separate measure 
ments to ascertain noZZle bank skeW and Us. Pat. No. 
6,076,915 makes no provision for measurement of skeW) 
and, as demonstrated in FIG. 5, this is a critical alignment 
dimension. Another result of the fast-scan directional limi 
tation is the inability to measure errors in the advance of the 
receiver, yet another critical alignment variable. Lastly, 
these on-line optical sensor techniques have made no pro 
vision for alignment of a noZZle bank using different drop 
siZes Wherein each drop siZe may optimally require slightly 
different alignments. 

[0020] US. Pat. No. 6,347,857B1 implements an on 
printer detection scheme by Which single, isolated droplets 
are analyZed to ascertain the relative health of each noZZle 
so that corrective or compensating action may be taken in 
the case of poorly performing noZZles. To maintain rapid 
image capture for a relatively inexpensive device, the tech 
nique uses relatively loW-cost capture techniques. While 
effective at detecting print head performance problems, it is 
incapable of detecting minute alignment errors shoWn to be 
detrimental in inkjet printing using multiple noZZle banks. 
Furthermore, no teachings of printed patterns capable of 
alloWing such measurements are offered as part of the 
invention. Additionally, the invention disclosed in US. Pat. 
No. 6,347,857B1 requires additional printer hardWare and 
special receiver for the analysis, adding to total printer cost. 

[0021] It is therefore desired to develop a noZZle bank 
alignment technique and process that provides a high degree 
of accuracy of alignment of all critical alignment variables 
While requiring very little labor and time to execute and 
While consuming as little ink and receiver as possible. 

SUMMARY OF THE INVENTION 

[0022] In accordance With an object of the invention, a 
method is provided for reducing image artifacts in printers 
that employ tWo or more printhead noZZle banks that must 
be aligned and registered With respect to each other either 
through adjustment of orientation and/or position of one 
noZZle bank relative to another or through selective control 
of actuation of respective noZZles of the one noZZle bank to 
control proper dot placement. Although the description 
herein Will be With regard to a printer that employs tWo 
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nozzle banks to print each color, it Will be understood that 
the invention is equally applicable to a printer that employs 
one or more noZZle banks to print each color of ink. 

[0023] In accordance With a ?rst embodiment of the 
invention, a method of aligning the printing of dots gener 
ated by different noZZle banks of an inkjet printer apparatus 
comprising the steps of (a) printing on a receiver medium a 
sequence of spaced discrete ?rst dots from one noZZle bank 
having plural noZZles associated thereWith; (b) printing on a 
receiver medium a sequence of spaced discrete second dots 
from a second noZZle bank having plural noZZles associated 
thereWith, the second dots being spaced from the ?rst dots 
and at least some of the second dots being located at 
distances closer to at least some of the ?rst dots than the 
respective noZZle spacings betWeen noZZles on the second 
noZZle bank Which emitted the at least some of the second 
dots and the noZZles on the ?rst noZZle bank that emitted the 
at least some of the ?rst dots; (c) determining a placement 
error for the at least some of the second dots; and (d) 
adjusting alignment of the second noZZle bank in accordance 
With any errors determined in placement. 

[0024] In accordance With a second aspect of the inven 
tion, a calibration method of aligning the printing of dots 
generated by different noZZle banks of an ink jet printer 
apparatus, the method comprising the steps of (a) printing on 
a receiver medium a sequence of spaced discrete ?rst dots of 
a ?rst color from one noZZle bank having plural noZZles 
associated thereWith, the ?rst dots being printed in a prede 
termined pattern; (b) printing on the receiver medium a 
sequence of spaced discrete second dots of a second color 
from a second noZZle bank having plural noZZles associated 
thereWith, at least some of the second dots being printed 
Within the pattern; (c) generating through examination of the 
receiver medium or a reproduction thereof color information 
regarding the dots printed on the receiver medium; (d) using 
the color information to identify locations of the second 
dots; (e) determining placement errors for the at least some 
of the second dots; and adjusting alignment of the second 
noZZle bank in accordance With any errors determined in 
placement. 

[0025] In accordance With a third aspect of the invention, 
a method of aligning the recording of piXels by different 
recording element banks of a printer apparatus comprising 
the steps of printing on a recording medium a predetermined 
pattern of discrete piXels by plural recording elements of 
each of at least ?rst and second banks, each discrete piXel 
being printed by a single one of the recording elements; 
removing the recording medium from the printer apparatus; 
eXamining the recording medium or a reproduction thereof 
at a resolution of at least 500 DPI to derive electronic 
information relative to the location of piXels in the printed 
pattern; processing the information to determine respective 
centers of the piXels; determining errors in location of the 
determined centers of the piXels from Where the centers 
should be if the banks Were properly aligned; determining 
needed adjustments of a bank or banks or recording ele 
ments in the bank or banks to improve alignment of the piXel 
recording by such bank or banks or recording elements in the 
bank or banks; and adjusting alignment of piXel recording by 
at least one bank or at least some of the recording elements 
therein in accordance With a determination of needed adjust 
ments. 
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[0026] In accordance With a fourth feature of the inven 
tion, a calibration method of aligning the printing of dots by 
different noZZle banks of an ink jet printer apparatus, the 
method comprising the steps of (a) printing on a receiver 
medium a sequence of spaced discrete ?rst dots from one 
noZZle bank having plural noZZles associated thereWith, the 
?rst dots being printed in a predetermined pattern; (b) 
printing on the receiver medium a sequence of spaced 
discrete second dots from a second noZZle bank having 
plural noZZles associated thereWith, at least some of the 
second dots being printed Within the pattern; (c) generating 
through eXamination of the receiver medium or a reproduc 
tion thereof information regarding the dots printed on the 
receiver medium; (d) using the information to identify 
locations of the second dots; (e) determining placement 

errors for the at least some of the second dots; and adjusting alignment of the second noZZle bank in accordance 

With any errors determined in placement. 

[0027] In accordance With a ?fth aspect of the invention, 
a method of aligning drops emitted by an ink jet printer 
having a noZZle that is capable of emitting drops of liquid of 
different drop siZes in response to different actuation signals 
to form different dots siZes on a recording medium, the 
method comprising providing different timings of initiating 
activation of the respective signals to an actuator associated 
With the noZZle so that in generating different drop siZes 
emitted by that noZZle and to correct for alignment errors in 
emitting drops of different siZes timing of initiating activa 
tion of the actuation signal for generating a drop of one drop 
siZe is provided With an adjustment relative to timing of 
initiating activation of an actuation signal of a second and 
different drop siZe. 

[0028] In accordance With a siXth aspect of the invention, 
a method of aligning drops emitted by an ink jet printer 
having a series of noZZles formed on a noZZle bank, the 
method comprising generating plural discrete dots recorded 
by plural noZZles from the noZZle bank during multiple 
passes of the noZZle bank over a receiver medium, Wherein 
at least some of the discrete dots are recorded during 
different passes and a discrete dot recorded by one noZZle 
during one pass is spaced on the receiver medium at a closer 
distance to a second discrete dot recorded by a second noZZle 
during a second pass than the spacing betWeen the ?rst and 
second noZZles on the noZZle bank; determining error in 
placement of at least one of the discrete dots; and correcting 
error in recording of dots by the noZZle bank. 

[0029] In accordance With a seventh aspect of the inven 
tion, a method for correcting errors in recording by an ink jet 
printhead having a plurality of noZZles comprising moving 
the printhead relative to a recording medium and forming 
discrete dots on the recording medium during each of plural 
passes of movement of the printhead relative to the record 
ing medium so that a particular noZZle forms a respective 
discrete dot during a respective pass; analyZing the record 
ing medium to determine locations of dots recorded in 
accordance With eXpected locations and in accordance With 
the respective pass in Which the dots Were recorded; deter 
mining errors in locations of dots relative to eXpected 
locations for such dots; and using determined errors to 
correct the recording of dots by the printhead. 

[0030] In accordance With a eighth aspect of the invention, 
a method for correcting errors in recording of dots by an ink 
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jet printhead having plural nozzles, the method comprising 
generating an image ?le of discrete dots to be recorded by 
the printhead, the ?le being in a standardized graphic display 
?le format; printing the discrete dots on a receiver medium 
in plural passes of the inkjet printhead; determining errors in 
placement of dots by respective nozzles; and providing 
adjustments in alignment of the printhead or in ?ring times 
of the nozzles to correct for the errors. 

[0031] In accordance With a ninth aspect of the invention, 
a method for correcting errors in recording of dots by an ink 
jet printhead having plural nozzles, the method comprising 
forming discrete dots from respective nozzles in each of 
plural passes on a receiver medium, a spacing of the receiver 
medium from the printhead during one pass being different 
from a spacing of the receiver medium from the printhead 
during a second pass determining errors in placement of dots 
by respective nozzles for the one pass and the second pass; 
and providing adjustments in alignment of the printhead or 
in ?ring times of the nozzles to correct for the errors. 

[0032] In accordance With a tenth aspect of the invention 
a method for correcting errors in recording of dots by an ink 
jet printhead having plural nozzles, the method comprising 
forming discrete dots from respective nozzles in each of 
plural passes on a receiver medium, a speed of the printhead 
relative to the receiver medium during one pass being 
different from a speed of the printhead relative to the 
receiver medium during a second pass; determining errors in 
placement of dots by respective nozzles for the one pass and 
the second pass; and providing adjustments in alignment of 
the printhead or in ?ring times of the nozzles to correct for 
the errors. 

[0033] In accordance With a ?rst embodiment of the 
invention, the printer being adjusted is (a) commanded to 
print a set of dots by all or possibly a subset of the nozzles 
Within a nozzle bank. The target contains dots printed by 
combination of a minimum of tWo of the nozzle banks but 
ideally by a combination of all the nozzle banks. Each dot 
is printed suf?ciently distant from its neighboring dots such 
that each dot is separate and distinct. The target is then (b) 
removed from the printer by an operator and located in an 
instrument designed to digitize the sample and (c) the 
sample is digitized. The means by Which the target may be 
digitized are Widely varying, but typically a ?at-bed scanner, 
a drum scanner, or a digital camera are most useful and 

sufficient for the purpose. The digitized image is then (d) 
sent through an image-processing algorithm that detects 
each separate dot, locating each dots center in Cartesian 
coordinates. The ideal locations of each dot are then (e) 
calculated by using the absolute locations of the dots printed 
by a reference nozzle bank. Errors in placement, calculated 
by the difference betWeen the actual location and the ideal 
location, are tallied for each nozzle. Knowledge of the 
nozzle bank and carriage geometry (e.g., center-of-rotation 
of each nozzle bank) can then (g) be used in combination 
With each dot’s error to determine What adjustments should 
be made to the alignment of each nozzle bank. Calculations 
in this manner can be used to deconvolve all alignment 
adjustments (if angular adjustments result in fast-scan or 
sloW-scan displacements, for eXample, due to the center of 
rotation being displaced from the center of the nozzle bank) 
and no iteration is required. 
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[0034] In accordance With a second feature of the inven 
tion, the target remains on the printer and an imaging sensor 
capable of creating a 2-d bitmap of the target is used to 
digitize the sample. 

[0035] In accordance With a third feature of the invention, 
the ideal locations are determined by the use of ?ducials 
printed by a reference nozzle bank located at the extremes of 
the target or possibly internal to the target. 

[0036] In accordance With a fourth feature of the inven 
tion, the ideal locations are determined by observing the 
relative locations of dots printed by a small set of nozzles 
from a single nozzle bank. 

[0037] In accordance With a ?fth feature of the invention, 
the target is ideally printed by several passes of the print 
heads With a media advance in betWeen one or all of the 
passes. This alloWs for dots printed by one end of a nozzle 
bank to be in close proXimity to dots printed by the other 
eXtreme of the nozzle bank regardless of the overall length 
of the nozzle bank. Proper design of the target in this manner 
ensures accurate measurement of nozzle bank skeW While 
keeping the target relatively small in size, thereby decreas 
ing the required receiver to perform the test and the amount 
of imagery that must be scanned, decreasing overall mea 
surement time. 

[0038] In accordance With a siXth feature of the invention, 
all alignment adjustment parameters are electronically 
doWnloaded to the printer Which then makes the appropriate 
adjustments, perhaps by adjusting the ?ring timing of each 
nozzle or by mechanically moving the nozzle banks With the 
aid of a mechanical device. 

[0039] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter of the present invention, it is believed the invention 
Will be better understood from the folloWing detailed 
description When taken in conjunction With the accompa 
nying draWings Wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 illustrates a prior art printhead featuring 
tWo printhead nozzle banks. 

[0041] FIG. 2 illustrates an enlargement of a ~1/7.s“><1/7.s“ 
simulated ?at-?eld image printed by a nozzle con?guration 
as shoWn in FIG. 1 Wherein there is good alignment betWeen 
all of the nozzle banks. The simulation in this case considers 
a 300 dpi image With round dots each having a diameter of 
115 microns printed using tWo passes. Gray indicates a 
printed dot and black indicates overlap of dots in this ?at 
?eld. 

[0042] FIG. 3 illustrates an enlargement of a ~1/7.s“><1/7.s“ 
simulated ?at ?eld image printed by a nozzle con?guration 
as shoWn in FIG. 1 Wherein there is a misalignment of 35 
microns in the fast-scan direction. The simulation also 
considers a 300 dpi image With round dots each having a 
diameter of 115 microns printed using tWo passes. The White 
spaces visible betWeen dots imply misalignment in the fast 
scan direction. 

[0043] FIG. 4 illustrates an enlargement of a 1/7.s“><1/7.s“ 
simulated ?at ?eld image printed by a nozzle con?guration 
as shoWn in FIG. 1 Wherein there is a misalignment of 35 
microns in the sloW-scan direction. The simulation also 
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considers a 300 dpi image With round dots each having a 
diameter of 115 microns printed using tWo passes. The White 
dots imply misalignment in the sloW scan direction. 

[0044] FIG. 5 illustrates an enlargement of a portion a 
~1/7.s“><1/7.s“ simulated ?at ?eld image printed by a noZZle 
con?guration as shoWn in FIG. 1 Wherein there is an angular 
misalignment of 0.08 degrees betWeen the tWo noZZle banks. 
The portion of the image shoWn is centered at approximately 
one-inch beloW the top of the image such that the top of the 
enlargement shoWs the bottom of the ?rst sWath and the 
bottom of the image shoWs the top of the second sWath. The 
simulation also considers a 300 dpi image With round dots 
each having a diameter of 115 microns printed using tWo 
passes. The angular misalignment creates the visible band 
mg. 

[0045] FIG. 6 is a ?oWchart illustrating steps in a method 
of aligning noZZle banks in accordance With this invention. 

[0046] FIG. 7 is a ?oWchart illustrating steps in a more 
?exible and generic method of aligning noZZle banks in 
accordance With this invention in Which multiple targets 
may be used for single print mode or a single digital target 
may be used With multiple print modes. 

[0047] FIG. 8 is a scan of a target that could be used to 
align a six channel printer (Cyan, Magenta, Light Cyan, 
Light Magenta, YelloW, and Black) in accordance With this 
invention. The illustrated dots can be of different colors or 
black. 

[0048] FIG. 9 is an enlargement of the top-left corner of 
FIG. 8. 

[0049] FIG. 10 is a printer Which incorporates assembled 
printhead noZZle banks aligned in accordance With the 
method described herein. 

[0050] FIG. 11 illustrates a printhead assembly module 
featuring tWo noZZle banks for use in the printer of FIG. 10. 

[0051] FIG. 12 illustrates the printhead assembly module 
of FIG. 11 and vieWed from the prospective of a receiver 
medium. 

[0052] FIG. 13 illustrates an alternative noZZle bank con 
?guration With Which the invention may be used. 

[0053] FIG. 14 is a block diagram of a printer control 
system. 

[0054] FIG. 15 is a Dot-to-NoZZle Map as described 
herein. 

[0055] FIG. 16 is an arrangement of noZZle banks that 
may be used in a color inkjet printer and for Which the 
invention is ideally suited. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] The present description Will be directed in particu 
lar to elements forming part of, or cooperating more directly 
With, apparatus and methods in accordance With the present 
invention. It is to be understood that elements not speci? 
cally shoWn or described may take various forms Well 
knoWn to those skilled in the art. 
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[0057] In the speci?cation, various terms are employed 
and are de?ned as folloWs: 

[0058] The term “banding” refers to an imaging artifact in 
Which objectionable lines or density variations are visible up 
and in the image. Banding may occur as vertical banding or 
horiZontal banding, the horiZontal direction coinciding With 
the fast scan direction and the vertical direction coinciding 
With the sloW scan direction. 

[0059] The term “dot siZe” relates to the siZe of a printed 
dot and may be determined by thresholding a digitiZed target 
containing the dots, the dot siZe may be expressed as an area, 
diameter, or other convenient metric. Dot siZe may be 
inferred from optical density of the centers of printed dots. 

[0060] The term “drop siZe” may be expressed in units of 
volume or diameter and relates to the siZe of the drop ejected 
by a noZZle. 

[0061] The terms “alignment” and “registration” are used 
interchangeably and refer to the degree of accuracy to Which 
dots printed by one noZZle bank can be placed relative to the 
dots placed by other noZZle banks. Alignment and registra 
tion include relative dot displacements in the sloW-scan and 
fast-scan and/or combinations of those displacements due to 
variable noZZle bank rotation in the X-Y plane as de?ned by 
FIG. 10. 

[0062] The term “?at ?eld image” refers to an image in 
Which the code value is relatively constant. In the examples 
provided herein, the ?at ?eld image means that a drop is 
requested at every pixel location in a relatively small area 
suf?cient to provide enough data for the purposes described 
herein. It Will be understood of course that in performing the 
method of the invention there is consideration of hypotheti 
cal printing of ?at ?eld images Which are done as computer 
simulation and not as actual printings. 

[0063] The term “human contrast sensitivity function” 
refers to a description of the acutance of the human vision 
system as a function of cycle/degree and may be inferred 
from various knoWn functions that have been determined to 
meet the criteria or by an approximation thereof, for 
example, such as a Gaussian distribution. 

[0064] The term “raster roW” refers to a horiZontal sWath 
of an image of height equal to 1/DPI. 

[0065] The term “DPI” means dots-per-inch. In the case of 
symmetric printing, the DPI is the same in both the fast scan 
and sloW-scan directions. For asymmetric printing, DPI 
refers to the resolution in the sloW scan direction. 

[0066] The term “fast-scan direction” refers to the direc 
tion in Which the printhead is transported during a print pass. 

[0067] The term “sloW-scan direction” refers to the direc 
tion in Which the receiver medium is advanced in betWeen 
print passes. Typically, the fast scan direction and the sloW 
scan direction are orthogonal. 

[0068] The phrase “to digitiZe a printed target,” means to 
convert a physical target containing dots printed by a printer 
into digital image information containing a meaningful 
representation of that target Which may be subsequently 
processed by various algorithms. 

[0069] The term “Dot-to-NoZZle Mapping” refers to a 
description for each printed dot that describes the noZZle 




















